Using simulation tools for optimizing cooling loads and daylighting levels in Egyptian campus buildings  by Samaan, Mina Michel et al.
HBRC Journal (2016) xxx, xxx–xxxHousing and Building National Research Center
HBRC Journal
http://ees.elsevier.com/hbrcjFULL LENGTH ARTICLEUsing simulation tools for optimizing cooling loads
and daylighting levels in Egyptian campus buildings* Corresponding author at: Bienroder Weg. 97, R149, Braunschweig
38106, Germany. Tel.: +20 1003731616, +49 17655542663.
Peer review under responsibility of Housing and Building National
Research Center.
Production and hosting by Elsevier
http://dx.doi.org/10.1016/j.hbrcj.2016.01.001
1687-4048  2016 Housing and Building National Research Center. Production and hosting by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Please cite this article in press as: M.M. Samaan et al., Using simulation tools for optimizing cooling loads and daylighting levels in Egyptian campus b
HBRC Journal (2016), http://dx.doi.org/10.1016/j.hbrcj.2016.01.001Mina Michel Samaan a,*, Osama Farag a, Magdi Khalil baArchitectural Engineering Department, Mansoura University, Egypt
b Institute of Building Climatology, Dresden University of Technology, GermanyReceived 31 July 2015; revised 7 December 2015; accepted 10 January 2016KEYWORDS
BPS tools;
Heuristic optimization;
Deep halls;
Egyptian campus buildings;
Cooling loads;
Daylighting levelsAbstract This article presents a case of heuristic optimization of cooling loads and daylighting
levels in deep halls of Egyptian Universities, using DesignBuilder software, with EnergyPlus and
Radiance engines, in order to show the vital role of simulation tools in architects’ hands. Generally
speaking, campus buildings in Egypt reflect real problems of energy efficiency and indoor environ-
mental quality of the overcrowded educational spaces. The case, studied in the article, is for three
drawing halls of different specifications, located in the main building of the Faculty of Engineering
at Mansoura University. The simulation work is processed along a road map of three consequent
phases: simulating the existing situation of thermal and visual comfort inside the three halls; optimiz-
ing cooling loads by testing various alternatives of design parameters; and including daylighting
levels in the optimization process. The study found that optimizing windows shading of overhangs
and louvers, low-transmittance characteristics of glazing, and ventilation system would provide from
26% to 31% reduction of cooling loads compared to base case, without taking into account daylight-
ing requirements. While, opening skylight strips, perpendicular to the external facade, with 8%
window–roof-ratio, would provide required daylighting levels with minimum increase of cooling
loads. The principle objective, attained through this article, is to underline the significance of using
building performance simulation (BPS) tools in the architectural educational and research work.
 2016 Housing andBuildingNationalResearchCenter. Production and hosting byElsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Sustainability and built-environment
While sustainability is defined in the global point of view for a
green planet, encouraging the present development and assur-
ing future one [1], it is always required to focus on the perfor-
mance of planet components. When all elements on earth are
being greened in an integrative collective manner, wider
sustainable goals could be then achieved, where one of the
most vital elements is the building [2].uildings,
2 M.M. Samaan et al.A good building design was defined by Vitruvius, long cen-
turies ago, as the one that fulfills main three aspects: durabil-
ity, convenience and beauty [3]. Nowadays, in the beginning
of the third millennium, the American Society of Refrigera-
tion, Heating and Air-Conditioning Engineers (ASHRAE)
has defined the good building design as the one that fulfills five
main characteristics [2]: meeting owner and occupants require-
ments; meeting all applicable codes and standards; providing
indoor environmental quality; respecting surroundings histor-
ical and cultural features; and achieving intended emotional
impact on viewer.
Sustainable buildings and simulation tools
In general, buildings consume energy, water and materials
resources in order to fulfill the minimum requirements of a
good design. A good designed building must meet the ASH-
RAE previous five qualifications, but not any building will
meet them in an exceptional innovative way. To achieve the
energy efficiency goal, architects and building designers require
effective design tools for analyzing and understanding the
complex behavior of building energy use. With the advance
in computing technology, computer simulation and modeling
has been widely used for providing accurate and detailed
appraisal of building energy performance.
Building energy simulation is important for the study of
energy efficiency in buildings. Computer simulation programs
are effective analytical tools for building energy research and
evaluation of architectural design [4].
Such tools work on accurate modeling for all details whether
related to the building design, construction, systems and inter-
nal loads, or the outdoor environmental boundaries [5]. All
these inputs are processed in the simulation engine, which is
the software core calculators, to provide user with outputs
defining thermal comfort degree and energy demand rates.
BPS tools have been used in the literature in many various
scopes and concepts. These uses can be categorized according
to main aim, methodology, inputs’ variables and constants,
and outputs’ objectives and constraints. As shown in Table 1,
methodologies can be classified according to three criteriaTable 1 Summary of optimization concepts developed in previous
Methodology Concept of study
Parametric intuitive single objective
optimization
Lee et al. processed a series of
energy consumption for heating
cities [6]
Parametric intuitive multi-objective
optimization
Ochoa et al. processed graphica
requirements of energy perform
achieve >50% of visual comfo
DGI) [7]
Parametric computerized single
objective optimization
Attia et al. developed a simulati
relying on parametric sensitivity
the feature of parametric testing
to explore the impact of orienta
building [8]
Whole design computerized multi-
objective optimization
Manu & Rawal used parametri
design variables (floor area, ori
commercial building [9]
Parametric computerized multi-
objective optimization
Zemella et al. used Evolutionar
design. The study used multi-ob
daylighting levels, where the on
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whole design optimization, and single or multi-objective
optimization.
The case of campus buildings in Egypt
Because of the fact that a large portion of educational build-
ings in Egyptian campuses does not meet the minimum
requirements of indoor environmental quality and energy effi-
ciency, simulation tools have a lot to do, providing architects
the mechanism to optimize their designs and renovation plans.
While annual rates of enrolling students in Egyptian univer-
sities are significantly increasing due to general population
growth [11], most of campuses’ built facilities are not devel-
oped to host them. Accordingly, the higher education spaces,
especially in public universities, do not meet minimum require-
ments of thermal and visual comfort standards. At the same
time, when active systems are used, high rates of energy are
consumed in air-conditioning and artificial lighting [12–15].
One of the research institutions, concerned with energy-
efficient buildings in Egypt, is the Architectural Engineering
Department at Mansoura University [16,17]. This is promoted
through the main research themes of the Egyptian Sustainable
Urbanism (ESU) Laboratory, of which this study was con-
ducted under its umbrella, getting special support for the first
author by the teams of Prof. Dr. John Grunewald at Dresden
University of Technology and Prof. Dr. Wallied Orabi at Flor-
ida International University. In order to conduct a deeper dis-
cussion about using BPS tools in optimizing the educational
spaces at the Egyptian universities, the main building of the
Faculty of Engineering at Mansoura University (Fig. 1a) was
selected to be the research case study. This is for various rea-
sons, as follows:
 It represents most of educational buildings in Egyptian uni-
versities in general and engineering learning spaces in
particular.
 Its spaces and halls are overcrowded for the high growth
rates of enrolling students every year without providing
new enough extensions; andstudies using BPS.
parametric sensitivity analysis for the impacts of design variables on
, cooling and lighting in order to define optimal cases for five Asian
l optimization for Window Wall Ratio (WWR) to meet minimum
ance in buildings codes (cooling, heating, lighting and ventilation) and
rt hours (daylighting level >500 lux, uniformity <3.5 and glare <22
on-based decision support tool for Net Zero Energy Buildings design
analysis. The tool is based on EnergyPlus simulation engine and uses
. The tool provides architects, in early stages of design, the capability
tion, envelope and systems alternatives on the thermal performance of
c simulation in EnergyPlus for processing sensitivity analysis for four
entation, Window–Wall Ratio (WWR) and aspect ratio) in a typical
y Neural Networks (ENN) for optimization processes of fac¸ade
jective optimization for minimizing cooling load and maximizing
ly design variable is the glazing type [10]
optimizing cooling loads and daylighting levels in Egyptian campus buildings,
Figure 1 The plan and model of the Faculty of Engineering at Mansoura University.
Using simulation tools for optimizing cooling loads and daylighting levels in Egyptian campus buildings 3 Assessing and optimizing an existing building would assist
in saving energy and providing indoor environmental qual-
ity for current occupants, in addition to recommending sus-
tainable design guidelines for future educational buildings.
In the following section, the methodological steps of case’s
selection, modeling and simulation phases are illustrated.
Then, section three shows simulation results and analysis
phase-by-phase. Finally, discussion and conclusion are
provided in sections four and five respectively.
Methodology
Post occupancy survey
An online survey was developed by the authors to assess the
degree of occupants’ satisfaction for the indoor environmental
quality of the educational spaces at the Faculty of Engineering,
Mansoura University. The survey was sent to 400 occupants at
the Architectural Engineering Department, of which 286
browsed it over, while 151 of them completely filled it out to
the end. These 151 eligible responses adequately depict thePlease cite this article in press as: M.M. Samaan et al., Using simulation tools for
HBRC Journal (2016), http://dx.doi.org/10.1016/j.hbrcj.2016.01.001demographic characteristics of the building (82.8% are under-
graduate students; 7.3% are graduates; and 9.9% are faculty
members). For more information about the survey design
and results refer to Ref. [12].
The main finding of the survey, based on a seven-point
scale, was that 63.6% of responses have chosen drawing halls
as the most dissatisfying spaces, while 15.9% lecture halls,
11.3% classrooms, 5.3% laboratories and finally 4% offices.
Based on the survey results, three drawing halls are consid-
ered to be the most critical spaces in the building, as they are
on top floors, are overcrowded (2.5 m2/person) and they
require high level of comfort and lighting. The location and
specifications of the three spaces are illustrated in Fig. 1a as
well, where the external facade of first drawing hall (DH1) is
oriented to north, the second (DH2) to south, and the third
(DH3) to west.
Simulation software
EnergyPlus is one of the most reliable BPS tools but at the
same time it is difficult to use by architects as a standalone
software, requiring high expert knowledge [18]. DesignBuilderoptimizing cooling loads and daylighting levels in Egyptian campus buildings,
4 M.M. Samaan et al.is then used as a user-friendly interface for modeling and
exporting files to EnergyPlus in order to perform simulation
processes [19]. In addition, DesignBuilder v.3.0 is compatible
with Radiance software that is one of the top daylighting sim-
ulation engines [20]. Input data, required for the BPS software
to process simulation and assessment on the case study model,
were prepared by the following means:
 The geometric data of the model were specified as shown in
Fig. 1a and b.
 The templates of materials, occupancy, cooling system,
lighting, and appliances were used from DesignBuilder
library to fit the spaces’ specifications.
 The weather data file was generated by Meteonorm [21];
and
 The map of input variables and constraints was developed
after the guidelines of Climate Consultant v.5.3 [22].
Simulation phases
The main concept behind the heuristic use of BPS tools, in
multi-objective optimization process, is to assume a base case
datum and propose various well-prepared scenarios aiming
at multi-objective optimization. Such scenarios are based on
different alternatives of each design decision. Due to the exis-
tence of enormous numbers of permutations and combinations
of those design alternatives, the person leading the simulation
process uses his/her experience, beside general rules of thumb,
in planning suggested phases of the road map.Figure 2 The map of design variab
Please cite this article in press as: M.M. Samaan et al., Using simulation tools for
HBRC Journal (2016), http://dx.doi.org/10.1016/j.hbrcj.2016.01.001For the road map of the research case study, three phases
were planned: well understanding existing situation to define
a reference datum; then optimizing cooling loads; and finally
balancing cooling loads and daylighting optimization. The
three phases are listed in more details as follows:
 Phase zero: The existing situation was simulated
for comfort degree (if naturally ventilated), total cooling
loads (if air-conditioned), and lighting levels (if naturally
lit).
 Phase one: Cooling load of existing situation was assumed
to be a base case datum in order to measure the influence
of all design parameters increasing or reducing loads. Six
groups of parameters were simulated (Fig. 2). The results
were processed by sensitivity analysis in order to compare
and define priorities and key-factors of design. At the end
of phase one, ‘‘design case A” was developed optimizing
total cooling loads ignoring fulfillment of daylighting
requirements; and
 Phase two: It is an attempt to balance fulfilling day-lighting
requirements with keeping cooling loads minimized as
much as possible. As a result, design case B was presented
as a proposed optimized solution taking into consideration
both cooling loads and daylighting levels.
The aim of this suggested road map is not only to find the
optimum design solutions, but also to develop a group of rec-
ommendations with positive and negative impacts of various
design alternatives on both cooling loads and daylighting
levels.les that were tested in phase one.
optimizing cooling loads and daylighting levels in Egyptian campus buildings,
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Figure 3 Temperatures study of drawing hall 2 where natural ventilation is operated.
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Phase zero: Base case simulation
Before starting optimization phases and performing sensitivity
analysis on different design parameters, simulation is pro-
cessed for the base cases of the three drawing halls in two con-
ditions. First one is if spaces are naturally ventilated only,
while second one is if cooling system is switched on and venti-
lation is mechanically forced. In addition, daylighting levels
are simulated for the three drawing halls.
Comfort data if naturally ventilated
Simulation results, in case of relying on natural ventilation
only, show that DH2 and DH3 are located in the discomfort21% General Lighting (kWh/m2)
2% Computer + Equip (kWh/m2)
21% Occupancy (kWh/m2)
57% Solar Gains Exterior Windows (kWh/m2)
Figure 4 Heat gains breakdown for the base case of drawing
hall 3.
Please cite this article in press as: M.M. Samaan et al., Using simulation tools for
HBRC Journal (2016), http://dx.doi.org/10.1016/j.hbrcj.2016.01.001zone in average all over the year, while DH1 records better
results. The Fanger PMV values for DH1, DH2 and DH3
are 0.16, 2.00 and 1.34, and the discomfort hours over the year
are 1450, 2269 and 1831 h respectively.
One clear note, shown in Fig. 3, is that the operative tem-
perature inside the space is always higher than outside air bulb
temperature nearly all over the year.Total cooling loads if air-conditioned
For the air-conditioned and mechanically ventilated case,
default settings of software are used, where set point cooling
temperature is 23 C and fresh air is supplied to meet minimum
limits of 10 l/s per person. Simulated cooling loads record
the maximum value (140.75 kW h/m2/y) for DH3, then less
value (121.6 kW h/m2/y) for DH2, and the least one
(96.55 kW h/m2/y) for DH1.
In Figs. 4 and 5, breakdown graphs of heat gains and losses
are processed for DH3. Solar heat gains through external win-
dows record the maximum value (57%), then general lighting
and occupancy (each is 21%). Having the operative indoor
temperature always higher than outside air temperature, it is
understandable to find heat flows from inside to outside
through building envelope elements: glazing (37%); walls
(22%); and roofs (7%); while losses are due to external infiltra-
tion (19%).Daylighting data
Daylighting simulation is also processed on the base cases of
the three drawing halls to assess the existing situation. Day-
lighting settings are adjusted according to LEED v.2.2: CIE
overcast sky (10,000 lux). According to credits 8.1 and 8.2 in
the indoor environmental quality category, minimum eligible
percentage of work plane limits is 75% (to get one point from
credit 8.1) or 90% (to get an additional point from credit 8.2),
where the limits of work plane are calculated based on floor
area having daylight factor above 2.5%.
As shown in Fig. 6, none of the drawing halls meets IEQ
credit 8.1 or 8.2. Comparing the three halls, DH1 records
the best results (limits of work plane are 41%). While for
DH2 and DH3, only quarter the floor area is included in the
eligible limits of work plane.optimizing cooling loads and daylighting levels in Egyptian campus buildings,
37% Glazing (kWh/m2)
22% Walls (kWh/m2)
6% Floors (int) (kWh/m2)
7% Roofs (kWh/m2)
19% External Infiltration (kWh/m2)
9% External Vent. (kWh/m2)
Figure 5 Heat losses breakdown for the base case of drawing
hall 3.
Figure 6 Daylighting levels of the three drawing halls in pha
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In phase one, six groups of alternatives are suggested (Fig. 2):
orientation and floor positioning and occupancy (hypothetical
groups); in addition to window–wall ratio, shading options,
building envelope materials and mechanical ventilation
options (feasible groups). Sensitivity analysis is processed on
these groups of alternatives in order to compare their influ-
ences on the total cooling loads (Tables 2 and 4) and daylight-
ing levels if applied (Tables 3 and 5).
Orientation and floor positioning
First group compares main alternatives of floor positioning, in
addition to external fac¸ade orientation by assuming whole-
building-rotation. This is to explore how pre-design decisions
influence the cooling loads of spaces. Results of simulated
cooling loads show the following:
 Spaces at the ground floor level are less in loads by 14–19%
than those at the top floor, while those at the in-between
floors are 5–12% less, according to the presence of court-
yard and its dimensions.
 East and west oriented cases are the worst, where loads
could jump to 47% increment. Following is the south (up
to 20%), while the north is the best; and
 Deeper spaces are the worst for the same orientation, where
DH2 is a little bit higher in loads than DH3, while DH1 is
obviously lower than both of them.
Results clearly show that daylighting levels degrade from
being at the top floor to in-between ones and the least at
ground floor, similar to the cooling loads behavior. The samese zero, processed by DesignBuilder with Radiance engine.
optimizing cooling loads and daylighting levels in Egyptian campus buildings,
Table 2 Total cooling loads and sensitivity analysis of hypothetical groups in phase one.
Category Alternatives Total cooling loads (kW h/m2/y) Sensitivity analysis
DH1 DH2 DH3 DH1 (%) DH2 (%) DH3 (%)
Floor level Top floor 96.55 121.6 140.75 0 0 0
In between 84.9 110.55 133.47 12 9 5
Ground floor 77.94 102.6 120.69 19 16 14
Orientation N 96.55 102.85 105.25 0 15 25
W 139.36 139.15 140.75 44 14 0
S 116.19 121.6 122.19 20 0 13
E 141.68 142.28 142.54 47 17 1
Occupancy density 2.5 m2/person 96.55 121.6 140.75 0 0 0
3.5 m2/person 85.14 108.87 126.86 12 10 10
5 m2/person 72.44 98.11 115.07 25 19 18
7.5 m2/person 63.78 89.43 105.63 34 26 25
10 m2/person 58.86 84.87 100.61 39 30 29
Table 3 Daylighting results of hypothetical groups in phase one.
Category Alternatives Daylighting levels DH1 DH2 DH3
Floor positioning Ground floor ADF (%) 2.4 2 2.46
Min. (lux) 27.2 7.3 0
Max. (lux) 1384 1704 1795
LWP (%) 23.8 19.8 25.4
In-between floor ADF (%) 2.65 2.1 2.59
Min. (lux) 18.2 5.47 0
Max. (lux) 1386 1738 1843
LWP (%) 32.2 24.2 25.4
Top floor ADF (%) 3.82 2.22 2.72
Min. (lux) 36.7 8.7 0
Max. (lux) 1695 1755 1846
LWP (%) 41.1 25.1 26.4
Orientation N ADF (%) 3.82 2.19 2.71
Min. (lux) 36.7 6.1 0
Max. (lux) 1695 1735 1854
LWP (%) 41.1 26.4 34.3
E ADF (%) 3.55 2.19 2.58
Min. (lux) 30.7 6.6 0
Max. (lux) 1600 1735 1741
LWP (%) 51.7 27.6 36
S ADF (%) 3.54 2.22 2.7
Min. (lux) 39.1 8.7 0
Max. (lux) 1560 1755 1846
LWP (%) 51.6 25.1 34.6
W ADF (%) 3.8 2.21 2.72
Min. (lux) 43.9 9.8 0
Max. (lux) 1696 1732 1846
LWP (%) 55.8 27.2 26.4
Using simulation tools for optimizing cooling loads and daylighting levels in Egyptian campus buildings 7for orientation, in most cases east and west oriented spaces are
the highest, then south and north.
Occupancy densities
Second group compares different occupancy densities of
spaces. Existing occupancy density is 2.5 m2/person. The
Egyptian National Authority of Quality Assurance and
Accreditation of Education (NAQAAE) states, in the appen-
dix of educational spaces standards, that the required floor
area for drawing halls is 3.5 m2/person.Please cite this article in press as: M.M. Samaan et al., Using simulation tools for
HBRC Journal (2016), http://dx.doi.org/10.1016/j.hbrcj.2016.01.001Results compare the total cooling loads and sensitivity
analysis of the existing situation with those of required density
of NAQAAE beside expected less densities options. Setting
density as required in the NAQAAE guide records 10–12%
reduction in loads, while generally, loads are directly propor-
tional to densities.
Window Wall Ratio (WWR)
Third group compares window–wall ratios from 20% to 50%.
External walls of the three drawing halls are originally
designed to have 50% glazing.optimizing cooling loads and daylighting levels in Egyptian campus buildings,
Table 4 Total cooling loads and sensitivity analysis of the feasible groups in phase one.
Category Alternatives Total cooling loads (kW h/m2/y) Sensitivity analysis
DH1 DH2 DH3 DH1 (%) DH2 (%) DH3 (%)
WWR 50% 96.55 121.6 140.75 0 0 0
40% 94.32 117.89 135.29 2 3 4
30% 92.34 114.38 130.02 4 6 8
20% 90.1 110.02 124.38 7 10 12
Overhang No overhang 96.55 121.6 140.75 0 0 0
0.5 m 92.46 109.76 129.99 4 10 8
1 m 90.73 103.17 120.19 6 15 15
1.5 m 89.17 99.88 113.12 8 18 20
Side fin No side fin 96.55 121.6 140.75 0 0 0
0.5 m 94.58 119.33 138.97 2 2 1
1 m 93.01 117.73 136.97 4 3 3
1.5 m 91.42 116.84 135.16 5 4 4
Louvers No louvers 96.55 121.6 140.75 0 0 0
0.5 m 91.81 108.22 121.61 5 11 14
Glazing Single 96.55 121.6 140.75 0 0 0
Double 95.61 118.6 138.96 1 2 1
Double low-E 93.26 111.85 132.87 3 8 6
Single low sol. trans. 88.36 105.14 119.32 8 14 15
Wall Uninsulated 96.55 121.6 140.75 0 0 0
Double wall 98.37 122.26 143.2 2 1 2
XPS 98.22 122.75 145.38 2 1 3
Roof Uninsulated 109.07 137.7 153.79 13 13 9
Cork 96.55 121.6 140.75 0 0 0
Green roof 94.59 116.16 139.57 2 4 1
XPS 95.28 120.24 140.19 1 1 0
Mechanical ventilation Fresh air 10 l/s 96.55 121.6 140.75 0 0 0
Fresh air 20 l/s 118.04 139.33 161.14 22 15 14
Less in summer 81.99 108.74 124.09 15 11 12
More in night 78.6 102.88 117.71 19 15 16
Design case A 71.04 87.22 97.39 26 28 31
8 M.M. Samaan et al.Results show that varying the WWR, in four cases from
50% to 20%, has not resulted in that expected impact on cool-
ing loads reduction. On the other hand, daylighting levels are
reduced obviously, while the WWR decreases. The daylighting
levels’ rate of reduction, due to WWR decrement, is larger
than that of total cooling loads.Shading devices
Fourth group compares three local shading devices: over-
hangs, side fins and louvers. Windows in existing situation
are not shaded by any of those devices.
Total cooling loads and sensitivity analysis of various pro-
jections, for the proposed shading devices outside the windows
show the following:
 Side fins do not have much impact on cooling loads reduc-
tion for the three drawing halls.
 Overhangs have a significant impact on cooling loads
(18–20%) reduction for DH2 and DH3; and
 Louvers have its maximum impact in DH3 (14%) which is
oriented to the west, then DH2 (11%) which is oriented to
the south.Please cite this article in press as: M.M. Samaan et al., Using simulation tools for
HBRC Journal (2016), http://dx.doi.org/10.1016/j.hbrcj.2016.01.001For the daylighting results of this group, the case of using
louvers records the largest impact reduction in daylighting
levels.
Building envelope materials
Fifth group compares various envelope materials including
those with enhanced insulation properties. The building was
constructed using available local materials with common way
of construction at the time of foundation. 25 cm brick was
used in external walls, single glazing 6 mm clear glass for
windows, while roof was constructed in reinforced concrete,
insulated by cork layer, isolated by asphalt layer and covered
by cement tiles.
Total cooling loads and sensitivity analysis of the building
envelope materials group show the following:
 Using double glazing in windows does not have a noticeable
impact on loads reduction.
 Using double low-E glazing has much higher impact on
loads, especially in DH2 and DH3 (6–8%).
 Using single glazing but with low solar transmittance factor
has the maximum impact on reducing loads, especially in
DH2 and DH3 (14–15%).optimizing cooling loads and daylighting levels in Egyptian campus buildings,
Table 5 Daylighting results of feasible groups in phase one.
Category Alternatives Daylighting levels DH1 DH2 DH3
Window wall ratio WWR 20 ADF (%) 1.42 0.74 0.98
Min. (lux) 3.7 1.6 0
Max. (lux) 1276 1264 1362
LWP (%) 17.8 8.9 12
WWR 30 ADF (%) 2.2 1.16 1.48
Min. (lux) 8.6 2.9 0
Max. (lux) 1408 1383 1495
LWP (%) 36.6 18.5 19.1
WWR 40 ADF (%) 2.83 1.57 1.99
Min. (lux) 21 4.2 0
Max. (lux) 1481 1507 1629
LWP (%) 41 19.8 25.4
WWR 50 ADF (%) 3.82 2.22 2.72
Min. (lux) 36.7 8.7 0
Max. (lux) 1695 1755 1846
Limits of work plane (%) 41.1 25.1 26.4
Shading devices No Shades ADF (%) 3.824 2.22 2.72
Min. (lux) 36 8.6 0
Max. (lux) 1695 1755 1846
LWP (%) 41.1 24.6 26.8
1.5 m Overhang ADF (%) 1.968 1.3 1.59
Min. (lux) 20 6.3 0
Max. (lux) 851 939 1020
LWP (%) 39.7 21.4 25.4
1.5 m Side fins ADF (%) 3.45 2.05 2.48
Min. (lux) 32.2 6.1 0
Max. (lux) 1527 1617 1719
LWP (%) 49.6 25.3 26.2
0.5 m Louvers ADF (%) 1.68 1.19 1.45
Min. (lux) 20.5 6.9 0
Max. (lux) 754 876 1002
LWP (%) 30.2 18.9 25.1
Design case A ADF (%) 1.07 1.01 1.24
Min. (lux) 3.1 6.7 0
Max. (lux) 680 864 950
LWP (%) 17.7 15.6 17
Using simulation tools for optimizing cooling loads and daylighting levels in Egyptian campus buildings 9 Using double walls with air gap inside or installing insula-
tion material results in negligible increment in cooling loads
instead of reducing them as always expected.
 In case that the roof is not insulated, loads have been
increased from 9% to 13%; and
 Using green roof techniques slightly reduces loads from 1%
to 4%, while improving insulation properties of the roof
does not record a noticeable reduction in loads.
In order to interpret these results, a breakdown of heat
gains and losses is processed. Table 6 compares base case with
those highly insulated cases. Breakdowns show that the heat
transfer through walls, glazing and roof is from inside to out-
side not vice versa. In case of improving insulation properties
of these surfaces, heat losses are reduced.
Mechanical ventilation options
The sixth group compares four suggested mechanical ventila-
tion options. First one is the proposed base case supplying
minimum required fresh air for each occupant (10 l/s per per-
son). Second one is to double the latter value. Then, third one
is to minimize ventilation rate in summer working days.Please cite this article in press as: M.M. Samaan et al., Using simulation tools for
HBRC Journal (2016), http://dx.doi.org/10.1016/j.hbrcj.2016.01.001Finally, fourth one is to minimize ventilation rate in summer
working days while maximizing it naturally in nighttime.
As shown in Table 7, doubling the ventilation rate (in the
second option) to be 20 l/s instead of 10 l/s per person, has
doubled the heat gains due to ventilation increasing cooling
loads by 14–22%. Minimizing ventilation rate in summer in
the third option and then providing ventilation at night in
the fourth option have a significant effect on reducing the cool-
ing loads by 15% and 19% respectively. Night ventilation
drives stored hot air out the space and exchanging it with
cooler one.
Design case A: optimized alternative of phase one
According to the previous six groups of improvements, an
optimized case is developed benefiting from those design
parameters having large impact on cooling loads reduction.
Those parameters are as follows:
 Installing louvers (0.5 m projection  4 blades) and over-
hang (1.5 m projection) above the external windows.
 Installing single glazing with low solar transmittance factor
(0.5 instead of 0.77) for external windows; andoptimizing cooling loads and daylighting levels in Egyptian campus buildings,
Table 6 Comparison of the breakdowns of heat gains and losses for cases of drawing hall 3.
Breakdown Base case Double low-E Win. XPS wall XPS roof Single low sol. trans.
Glazing 42.59 2.95 45.82 43.23 12.9
Walls 24.53 23.67 12.53 25.04 15.9
Floors (int) 6.7 5.01 5.8 7.97 6.41
Partitions (int) 0.03 0.03 0.03 0.03 0.03
Roofs 8.21 7.33 10.6 5.47 0.06
External infiltration 21.42 22.5 23.23 21.78 17.1
External vent. 10.18 11.14 11.14 10.44 8.83
General lighting 43.88 43.88 43.88 43.88 43.88
Computer + Equip 3.8 3.8 3.8 3.8 3.8
Occupancy 44.18 43.82 43.81 44.09 44.7
Solar gains exterior windows 120.84 68.02 120.56 120.84 50.87
Zone sensible heating 0.16 0.09 0.09 0.14 0.33
Zone sensible cooling 95.62 89.35 99.5 95.21 78.62
Sensible cooling 95.78 89.47 99.65 95.36 78.76
Total cooling 140.75 132.87 145.4 140.2 119.32
Zone heating 0.16 0.09 0.09 0.14 0.33
Table 7 Heat gains due to external ventilation for the group
of ventilation options.
Ventilation options External vent. (kW h/m2)
DH1 DH2 DH3
Min. fresh air 10 l/s/person 3.45 19.06 10.18
Min. fresh air 20 l/s/person 0.79 23.47 9.75
Less in summer 10.6 30.28 21.87
More in night 43.86 84.54 68.84
10 M.M. Samaan et al. Controlling mechanical ventilation to be less in summer and
operating natural ventilation at night in summer days.
Design cases A of DH1, DH2 and DH3 resulted in reduc-
tion of cooling loads by 26%, 28% and 31% respectively, as
shown in Table 4.Table 8 Comparing total cooling loads of the window–roof ratio g
Breakdown WRR 0% WR
Glazing (kW h/m2) 17.34 40
Walls (kW h/m2) 12.19 5
Floors (int) (kW h/m2) 34.57 15
Partitions (int) (kW h/m2) 0.03
Roofs (kW h/m2) 3.21 1
External infiltration (kW h/m2) 10.45 2
External vent. (kW h/m2) 53.6 8
General lighting (kW h/m2) 43.88 4
Computer + Equip (kW h/m2) 3.8
Occupancy (kW h/m2) 45.26 4
Solar gains exterior windows (kW h/m2) 31.4 91
Zone sensible heating (kW h/m2) 3.81
Zone sensible cooling (kW h/m2) 69.35 22
Sensible cooling (kW h/m2) 69.42 22
Total cooling (kW h/m2) 97.39 26
Zone heating (kW h/m2) 3.81
Please cite this article in press as: M.M. Samaan et al., Using simulation tools for
HBRC Journal (2016), http://dx.doi.org/10.1016/j.hbrcj.2016.01.001Phase two: Balancing daylighting and cooling loads
Although design case A is an optimum case for total cooling
loads reduction, it completely hinders the quality of daylight-
ing inside the space. In order to provide a well-lit work plane,
several passive and active techniques could be used. For the
three drawing halls under study, they are positioned at the
top floor level. This fact provides a design assumption to make
use of roof windows as a source of daylighting. In phase two,
the balance of both total cooling loads and daylighting levels is
studied for DH3 (representing the worst case), in addition to
the uniformity of lighting distribution.
Window–roof ratio
Table 8 shows the mutual impact of opening windows in roof
on both daylighting levels and total cooling loads. As the win-
dow–roof ratio increases, the total cooling loads increase expo-
nentially. The minimum window–roof ratio providing moreroup.
R 100% WRR 16% WRR 8% WRR 4%
1.88 92.97 41.62 28.73
0.05 27.93 18.78 15.62
2.86 33.96 6.93 20.4
0.04 0.03 0.03 0.03
3.39 9.98 2.98 0.13
1.45 15.37 12.55 11.56
1.53 66.21 58.92 56.4
3.88 43.88 43.88 43.88
3.8 3.8 3.8 3.8
2.37 44.37 44.91 45.08
8.93 287.19 127.17 79.29
2.81 3.08 3.47 3.62
7.37 119.6 87.89 78.53
7.63 119.73 87.98 78.61
9.31 154.91 119.15 108.29
2.81 3.08 3.47 3.62
optimizing cooling loads and daylighting levels in Egyptian campus buildings,
Using simulation tools for optimizing cooling loads and daylighting levels in Egyptian campus buildings 11than 90% limits of eligible work plane (eligibility requirement
of LEED v.2.2 – IEQ credit 8.1 and 8.2) is 8%. Several alter-
natives for windows positioning are proposed in Fig. 7. Each
case is assessed based on minimum and maximum illumina-
tion, average daylight factor and limits of work plane, beside
the daylighting distribution map.Figure 7 Daylighting levels of various alternatives for the skylig
Please cite this article in press as: M.M. Samaan et al., Using simulation tools for
HBRC Journal (2016), http://dx.doi.org/10.1016/j.hbrcj.2016.01.001Design case B: Optimized alternative of phase two
The best case balancing both daylighting level and uniformity
with total cooling loads is that one with WRR 8%, Skylight
with northern and southern corresponding windows, and 6
roof windows (each 0.6 m  8.6 m) perpendicular on main
fac¸ade, as shown in Fig. 7.ht design, processed by DesignBuilder with Radiance engine.
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Figure 8 Conclusion summary of the case study findings.
12 M.M. Samaan et al.Discussion
Based on the previous results and analysis, this discussion sec-
tion is presented below. Fig. 8 arranges design variables of
phases one and two according to their impacts on cooling
loads. The figure illustrates, at the same time, the effect of each
variable on the daylighting levels.
Phase zero
The assessment of the existing situation of the drawing halls,
under study, proved that the spaces are totally uncomfortable
especially those oriented for West and South. They required
high rates of energy for air-conditioning. Daylighting levels
do not meet the minimum requirements of visual comfort
standards.
Phase one
This phase comprised six steps:
 The orientation of the space has a great impact on the cool-
ing loads, where north is the optimum, then comes the
south, and the west and east are the worst at all.
 The ground floor is the best while the top one is the worst.
Impacts on daylighting are related to the surroundings.
 Overhang and louvers shading are the most effective design
alternative among all other envelope parameters.
 Improving materials insulation properties can have a
reverse impact for keeping heat stored inside the space if
the heat flow acts from inside to outside, which is the case
of these drawing halls.
 Window with low solar transmittance properties, while the
U-value is of a regular single glazing, prevents solar radia-
tion to enter directly into the space without storing heat
inside the hall; andPlease cite this article in press as: M.M. Samaan et al., Using simulation tools for
HBRC Journal (2016), http://dx.doi.org/10.1016/j.hbrcj.2016.01.001 Ventilation schedules have a great impact on reducing
cooling loads, where the best option is to minimize rates
in summer and maximize them in night for regions of hot
climate.
Phase two
Developing a Design case A (with overhang and louvers on
external windows, single low solar transmittance glazing, and
enhanced ventilation schedule) records significant reduction
on cooling loads, but negative impacts on daylighting levels.
Lighting can be enhanced in various techniques whether for
deep spaces daylighting strategies or energy efficient artificial
lighting.
Phase two of the case study assumed the utilization of sky-
lights in roof for balancing daylighting levels and cooling loads
reduction. Best window–roof ratio is 8%, while distributing
the openings into strips perpendicular to the fac¸ade plane pro-
vides best results.
Conclusion
The case study, presented in this article, showed an example of
using BPS tools in heuristic optimization of educational spaces
in the Egyptian Universities.
The three halls, modeled and optimized in the study based
on an online post-occupancy survey, represented typical prob-
lems of indoor environmental quality and energy efficiency in
Egyptian campus buildings, being overcrowded, deep and
located in top floor. Using DesignBuilder software, a user-
friendly interface with EnergyPlus and Radiance simulation
engines, the three spaces were modeled then optimized in a
road map of three phases: simulating existing situation; opti-
mizing cooling loads; and, finally, parametrically optimizing
daylighting levels.optimizing cooling loads and daylighting levels in Egyptian campus buildings,
Using simulation tools for optimizing cooling loads and daylighting levels in Egyptian campus buildings 13The specific concluded remarks of the case study can be
summarized as follows:
 Window shading, low solar transmittance glazing, and
night ventilation schedule recorded best results for minimiz-
ing cooling loads and generating a design case A of 26–31%
reduction compared to the base case.
 While, decreasing window–wall ratio and improving insula-
tion properties of envelope materials did not substantially
reduce cooling loads as expected. This is for the special
characteristics of the spaces under study, whether for their
spatial deepness or because the indoor air temperature is
higher than outdoor one; and
 Various designs of skylights, with 8% window–roof ratio,
optimized daylighting quality without causing significant
increase of cooling loads.
However, the general, and more significant, conclusion is
that students, researchers and professionals have to be quali-
fied enough to use the BPS tools in performance assessment
and design optimization purposes. Each design case has its
own special characteristics that should be well analyzed using
simulation software.Conflict of interest
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